A new species, Mycobacterium fallax, is described. A study of 22 strains showed that they form a homogeneous group with an internal phenotypic similarity value of 94.6 5 4.1%. The colony morphology resembled that of Mycobacterium tuberculosis, with cord formation on solid medium. The characteristic features of these strains were that they were nonchromogenic and grew rapidly at 30°C but slowly at 37°C. Most formed a thermolabile catalase and produced nitrate reductase. A lipid analysis showed that tuberculostearic acid was present and that only a-mycolic acids were formed. These a-mycolic acids were di-and tri-unsaturated acids, a feature that has not been described previously in the mycobacteria. The type strain has been deposited in the Collection Nationale de Cultures de Microorganismes, Paris, France, as strain CIP 8139.
Three of these were isolated from sputum, 14 were isolated from water samples from the River Seine between Melun and Conflans-Sainte-Honorine, 2 were isolated from water samples from the River Marne, a tributary of the River Seine, and 1 was isolated from Lake Settons, which is 250 km from Paris, France. The remaining two strains were kindly sent to us by M. Kubin (Institute of Hygiene and Epidemiology, Prague, Czechoslovakia), who isolated them from soil samples in a region of Czechoslovakia where Mycobacterium kansasii is common (9) . In addition to these 22 isolates, the following strains of species which are on the Approved Lists of Bacterial Names (19) were studied: Mycobacterium chelonei NCTC 946T (type strain); Mycobacterium chitae ATCC 19627T; Mycobacterium farcinogenes NCTC 10955T; Mycobacterium flavescens ATCC 14474T; Mycobacterium fortuirum ATCC 6841T; Mycobacterium gastri ATCC 15754T; Mycobacterium gordonae ATCC 14470T; Mycobacterium kansasii ATCC 12478T; Mycobacterium marinum ATCC 927T; Mycobacterium senegulense NCTC 1095jT; Mycobucterium smegmatis ATCC 19420T; Mycobacterium terrae ATCC 15755T; Mycobacterium triviale ATCC 23292T; Mycobacterium thermoresistibile ATCC 19527T; Mycobacterium tuberculosis ATCC 27294T; and Mycobucterium vuccue ATCC 15483T. In addition, the frequency distribution of the test results for 608 mycobacterial isolates from human hosts were included for comparative purposes. These isolates included 31 M . chelonei strains, 14 M . flavescens strains, 63 M . .fortuitum strains, 43 M . gastri strains, 99 M . gordonae strains, 58 M . kansasii strains, 14 M . marinum strains, 47 M . terrae strains, and 239 M . tuberculosis strains.
Characterization of strains. The niacin test was performed with test strips (Difco Laboratories, Detroit, Mich.). The catalase test was done by the method of Kubica and Pool (ll) , and the nitrate reductase and arylsulfatase tests were performed as described by Vestal (22). For the Tween hydrolysis test, we used a commercial substrate obtained from Difco. The urease and P-glucosidase tests were performed by the methods of Meyer and David (13) and David and Jahan (3, respectively. The penicillinase and trehalase tests were performed by following the recommendations of David et a]. (6). The iron uptake test and the three tests concerning growth on inositol, mannitol, and sodium citrate were done as described by Silcox et al, (18). The medium for testing growth on fructose was prepared as described by Gordon and Smith (8). The medium for testing the growth on hydroxylamine contained 250 pg of hydroxylamine per ml (21) . Growth on the different antibiotics tested was determined by the method of Canetti et al. (4) . For the cephalosporinase test, the substrate was prepared by dissolving 5 mg of Nitrocefin in 0.5 ml of dimethyl sulfoxide and adding 9. 
RESULTS AND DISCUSSION
Cells of the 22 previously undescribed strains studied were acid-fast short rods which formed high-molecular-weight (C70 to CY8) mycolic acids and were susceptible to mycobacteriophage D-29. These properties were taken as evidence for the inclusion of these strains in the genus Mycobacterium.
A phenotypic similarity value of 94.6 k 4.1% among the 22 strains showed their high degree of homogeneity and allowed the differentiation of these strains from other mycobacterial species as a distinct group. This group is formally described below as M . fallax sp. nov.
Comparisons of M . fallax CIP 8139T with the type strains of 16 mycobacterial species showed degrees of similarity of 72.34% with M . farcinogenes, 71.74% with M . marinum, and 70.21% with M . triviale ( Table 1) .
The main differences between M . fullax and M . furcinogenes were the following characteris- phology. In addition, they were weakly catalase positive, their catalase was thermolabile, and they were nitrate reductase positive, as M . tuberculosis is. However, the M . fallax strains were niacin and (3-glucosidase negative.
Phage studies. M . fallax strains were lysed by phage D-29 after 1 day of incubation. Concentrated phage D-29 produced either complete lysis or confluent plaques. However, when phage D-29 lysate was diluted 10 times, isolated plaques were not obtained. This could be attributed to the extreme roughness of the M . fullux cultures, which caused difficulties in reading. All of the strains except one were resistant to the other phages tested; the exception was 1 of the 22 strains which was susceptible to phage DS6A.
Results after 5 days of incubation generally confirmed the observations described above. Lysis caused by phage D-29 was more apparent, but only two strains showed isolated plaques with the 10-fold-diluted lysate. No lysis occurred with the remaining phages, except for two strains which were susceptible to phage DS6A, one strain which was susceptible to phage B K l , and another one strain that was susceptible to phage BG1.
Lipid chromatographic profiles. The lipid fraction obtained after saponification of M . fallax whole cells was separated by thin-layer chromatography before and after methyl ester formation. In addition to common fatty acid esters, amycolic acid esters were observed. p-and ymycolic and dicarboxylic mycolic acid esters were not detected. A gas chromatographic analysis of the total fatty acid methyl esters indicated the presence of myristic acid (C14:0), palmitoleic acid (c16:1), palmitic acid (c16:0, major component), oleic acid (CIgr1, major component), stearic acid (CI8:o), and tuberculostearic acid (rC19). An unidentified peak was detected close to the CI7 acid peak. When pyrolysis gas chromatography was used (injector temperature, 3OO0C), intense peaks corresponding to (& and C24 fatty acid esters were observed, indicating the presence of a-branched, P-hydroxylated esters of the mycolic acid type containing n-Czo and n-C22 aliphatic a-branching.
Mass spectrometric analysis of the a-mycolic methyl esters. After purification, the methyl esters of the a-mycolic acids were analyzed by mass spectrometry under electron impact. The total numbers of carbon atoms and the numbers of unsaturations or cycles were deduced from the madcharge values of the (M-50)'. ions, which were formed by successive losses of water and methanol from the molecular ion M'.. The carbon content ranged between 70 and 78 atoms ( Table 2 ). The splitting of the mycolates into aldehydes and esters produced the ions shown in Table 3 . Peaks occurring at mass/ charge values of 354 and 382 were due to the C22:0 and C24:0 acid methyl esters ions; this confirmed the gas chromatographic observations. The peak values corresponding to the meroaldehyde ions indicated that all of the unsaturations or cycles were located in the meromycolic fragment ( Table 3) .
Mycolic acid analysis according to the degree of unsaturation. To determine the nature of the meromycolic chain functions (i.e., unsaturations or cycles), the a-mycolate fraction was separated on Silica Gel G impregnated with 5% (wt/wt) silver nitrate (12). Three major spots were observed and compared with authentic samples. A mass spectrometric analysis of each component allowed us to determine hydrogenation content. The following components were observed (with decreasing Rf values): di-unsaturated a-mycolate I, di-unsaturated a-mycolate 11, and triunsaturated a-mycolate.
The di-unsaturated a-mycolate I1 possessed the same Rf value on silver nitrate plates as an M . smegmatis a-mycolate, in which the two cis unsaturations of the meromycolate chain were surrounded only by unbranched polymethylenic chains (7). The behavior of a-mycolate I resembled that of the other a-mycolate acids from M . srnegmatis, in which one carbon-carbon double bond having a trans configuration possessed a methyl branching on an aldehyde position (7). The tri-unsaturated mycolic acid of M . fallax represents a new type of mycolic acid. This characteristic proved to be decisive for differentiation of M . fallax and M . triviale strains. Mycolic acids containing more than two double bonds or two cyclopropanes have not been described previously (2, 14) . Tri-unsaturation in hydrocarbons having different chain lengths has been reported in Nocardia and Rhodococcus species (14).
Since the M . fullax strains and M . triviale ATCC 23292T produced similar lipid profiles Only 17 strains were studied.
TCH, Thiophencarboxylic acid hydrazide.
" PAS, p-Aminosalicylic acid.
after gas chromatography and thin-layer chromatography, we made a more precise comparison by using the structural features of the amycolates. An attempt to isolate a-mycolate from M . triviale ATCC 23292T by argentation chromatography indicated that no unsaturated material was present. The mass spectrometry analysis indicated the presence of two and three unsaturations or cycles. Therefore, it is very likely that in M . triviale the cyclopropanes are included in the merochain, as in the mycolic acids of many species. Thus, although strains of M . fallax and M . triviale ATCC 23292T had similar lipid compositions and contained only atype mycolic acids, the M . triviale strain had only cyclic mycolic acids containing di-and tricycles (probably cis-cyclopropanes), whereas the M. fallax strains contained di-and tri-unsaturated a-mycolic acids. For this distinct group of strains we propose the name Mycobacteriurn fallax sp. nov. (Fig. 1) .
At 30"C, growth occurs within 5 days on Lowenstein-Jensen and Middlebrook 7H10 media and on nutrient agar. At 37"C, however, most strains grow poorly and slowly (12 to 21 days) on the former two media. Some strains (23%) do not grow even after 28 days. Only 18% of the strains grow on nutrient agar at 37°C.
On Lowenstein-Jensen medium at 30°C, colonies are large, eugonic, buff colored, and rough, with a cauliflower-like morphology resembling that of M. tuberculosis colonies (Fig. 2A) . On Middlebrook 7H10 medium at 30°C, cord formation is evident at the edges of colonies (Fig. 2B) . Colonies on both of these media are the same at 37 as at 30"C, except that they are somewhat smaller.
The phenotypic properties of 22 M . fallax strains are shown in Table 4 . The type strain has been deposited in the Collection Nationale de Cultures de Microorganismes, Paris, France, as strain CIP 8139. 
